Study Objectives: To investigate the effects of botulinum toxin type A (BoNT-A) injection on jaw motor episodes during sleep in patients with or without orofacial pain who did not respond to oral splint treatment.
INTRODUCTION
Sleep bruxism (SB) is defined as a stereotyped oromandibular activity during sleep characterized by teeth grinding and clenching.
1,2 SB is one of the common sleep related movement disorders as the prevalence of self-reported tooth grinding, being 5% -8% in the adult population. 3, 4 In the field of dentistry, SB has been recognized to be related to teeth destructions, dental prostheses/implant failure, pain in the teeth, jaw, masticatory muscle and temporomandibular joint (TMJ), or headache. 1, 5, 6 These dental problems can be associated with the frequent and intense contractions of the jaw-closing muscles during sleep. 7, 8 There are various treatment modalities for the management of SB such as oral splint, behavioral approaches, and pharmacological management, and oral splint is the most commonly used treatment. The previous studies reported that the EMG activity of masseter muscle during sleep were decreased, increased or not changed after oral splint usage. 9, 10 Currently, oral splint is considered as the first choice for protecting teeth and prostheses from damages. Although various treatment modalities, such as behavioral approaches, and pharmacological management were tested for SB, there were no effective treatment strategies for controlling intense contractions of masticatory muscles during sleep in SB patients. 1 Many case reports have been reported that botulinum toxin type A (BoNT-A) injections are effective for controlling involuntary orofacial movements and secondary bruxism in patients with movement disorders, and awake bruxism (e.g., clenching habit). [11] [12] [13] [14] [15] Other studies with only SB patients showed that BoNT-A injections can reduce the frequency of jaw motor events, 16 decrease bruxism-induced pain levels, 16, 17 and it is equally effective in pain reduction when compared with oral splint. 17, 18 The result of these studies and case reports were based on the subjective evaluation of SB, not on the objective assessment using electromyography (EMG) or polysomnography (PSG). A study using portable electromyographic (EMG) device showed that the counts of sleep related masticatory EMG bursts, detected by the pre-defined threshold, were significantly reduced after a single injection of BoNT-A in the masseter muscle. 19 However, it remains unclear how BoNT-A injection works specifically for sleep-related masticatory EMG activity since a variety of jaw motor activities occurs in association with transient arousal changes during sleep. 20 Videopolysomnography (vPSG) can be a useful tool allowing discrimination of the types of sleep-related masticatory EMG events. 2 In previous case reports and studies, some cases injected BoNT-A into the masseter muscle only, [13] [14] [15] 17, 18 while others into both the masseter and temporalis muscles. 10, 11, 15 The masseter and temporalis muscles are synergetic muscles and activated during teeth grinding and clenching. However, there were no studies assessing the difference between the choices or the combination of the injected muscles for motor activity control of the jaw during sleep.
Therefore, the aims of this study were to investigate the effects of intramuscular BoNT-A injection on jaw motor episodes using vPSG. In addition to the use of vPSG, we compared the effects of BoNT-A on jaw motor episodes between the injection sites (i.e., the masseter muscle injection only versus both the masseter and temporalis muscles injection).
METHODS

Subjects
The protocol of this study was undertaken with the approval of Korea Food & Drug
Administration and Institutional Review Board of the Yonsei University Dental Hospital. All subjects were informed of the nature of the study, and written consent was obtained from each participant.
Twenty four subjects (M: 10; F: 14, age: 20.2 years -38.7 years) were selected from among outpatients at the Department of Orofacial Pain and Oral Medicine, Yonsei University Dental
Hospital. All subjects were interviewed by one clinician (YJS), who documented his or her age, gender, medical history, and drug history at the first visit. The subjects had the following clinical signs and symptoms for SB; (1) a history of frequent tooth grinding occurring at least 3 nights per week, (2) experience of morning jaw stiffness, (3) clinical presence of tooth wear. 1,2 They had been using an oral splint for SB with orofacial pain or without orofaical pain. Fifteen patients had jaw muscle pain and eleven patients had a TMJ click sound (evaluated by clinical examination). The subjects had been treated with an oral splint for controlling SB or orofacial pain, for three months or up to ten years. However, they still self-reported the bruxism activity and showed moderate to severe wear facets on their oral splint. So, we decided to consider an additional management modality, i.e., BoNT-A injection. The following exclusion criteria were applied; (1) previously received BoNT-A injection into both the masseter and temporalis muscles, (2) taking medications affecting muscle relaxation (e.g., antiepileptic drugs or benzodiazepines), (3) having an infectious skin lesion at the site of injection, (4) having allergies to BoNT-A, (5) having neuromuscular disease, and (6) pregnant females. The subjects were randomly assigned into two groups; Group A: twelve subjects who received bilateral BoNT-A injections into the masseter muscle only, and Group B: the other twelve who received bilateral BoNT-A injections into both the masseter and temporalis muscles. The subjects were requested not to take any other treatments or medications that would affect the muscles and not to use an oral splint during the time period of this study.
Botulinum Toxin
The BoNT-A (Neuronox ® , Medytox Inc., Seoul, Korea) was supplied as a freeze-dried powder of 200 U, and was reconstituted with 4 ml of sterile saline to a concentration of 5 U/0.1 ml. A dose of 25 U of BoNT-A was injected into each muscle using a 1-ml-syringe with a 29-gauge, 0.5-inch needle. BoNT-A was injected into three sites of each subject's masseter and/or temporalis muscles depending on the experimental group. The BoNT-A injection sites were shown in Figure   1 . [21] [22] [23] In the masseter muscle, the first site was the inferior, prominent part of the masseter muscle that was observed when the subject was asked to clench, and the other two sites formed a triangle 10 mm away from the first site ( Figure 1A ). In the temporalis muscle, the first site was the prominent part of the anterior temporalis muscle that was observed when the subject was asked to clench, which was parallel to eyebrow. The other two sites were 10 mm, 20 mm away from the first site posteriorly ( Figure 1B ).
Video-polysomnography
All subjects were studied in the sleep laboratory for two nights. The first night was before
BoNT-A injection (baseline PSG recording) and the second night was 4 weeks after BoNT-A injection (follow-up PSG recording).
Prior to sleep recordings, each patient completed an Epworth Sleepiness Scale questionnaire and a series of oromotor tasks to enable signal recognition and calibration of EMG amplification. Scoring jaw and orofacial motor activity (OFA). A single observer (YJS) scored jaw and orofacial motor events under a guidance of another co-author (TK). The observer was blinded to the subject and the experimental group to which the subject belonged. Jaw motor activity was scored based on the EMG recordings of the masseter and temporalis muscles and the audio-video recordings. Most episodes of jaw motor activity were shown in the two muscles simultaneously, and the types of each episode in the two muscles were same. Jaw motor episodes related to the diagnosis of SB were scored as rhythmic masticatory muscle activity (RMMA) that included phasic (three EMG bursts with durations of 0.25 -2.0 sec), mixed types (both phasic and tonic bursts), and isolated tonic bursts (EMG bursts lasting > 2.0 sec). 24, 25 These episodes were separated by intervals of more than 3 sec.
However, scoring criteria for RMMA episodes were modified since BoNT is known to decrease the amplitude of EMG burst in the injected muscles 26 . In fact, it was difficult for us to use MVC as a reference for normalizing the amplitude of EMG bursts in the injected muscles on the follow-up night. Accordingly, phasic and mixed type episodes were scored first based on the observable jaw movements in audio-video records and then confirmed with EMG traces regardless of amplitude criteria. Since it was difficult to detect the isolated tonic bursts by audio-video recordings, we used the threshold criteria for tonic episodes in the baseline and follow-up nights: EMG amplitude with 20%
MVC on the baseline night was used. 19, 24 For RMMA episodes, the number of episodes per hour of sleep (RMMA index), bursts per hour, the number of bursts per episode, the number of episodes with sound, and the mean duration were calculated. In addition to these episodes, OFAs including lip sucking, head movement, chewing-like activity, swallowing, and eye-opening were scored using audio-video. 27 The number of OFAs per hour of sleep was calculated. In addition to the above counts, the peak amplitude of EMG burst of the masseter and temporalis muscles during RMMA episodes were measured by ruler on the screen and maximum peak value was determined for each episode.
Clinical symptoms. All subjects were asked to answer the questions about a subjective symptom at 4 weeks after BoNT-A injection: (1) how has the teeth grinding been changed since the injection and (2) how has the sensation of morning jaw stiffness been changed after the injection? There were three possible responses to the first question: decreased, increased, and no changed, and the second question was answered with a percentage value.
Statistics
Except where stated otherwise, data are presented as mean ± SD. The KolmogorovSmirnov normality test was applied to our data. The data which were not normally distributed (Kolmogorov-Smirnov test: p < 0.05) underwent log-transformation to achieve close to normal distribution. Two-sample t-test and paired t-test were used to determine whether differences existed within the groups. Repeated measure ANOVA was used to determine whether differences existed between the groups. For the evaluation of sleep variables, two-sample t-test and Mann-Whitney U test were used to determine whether differences existed between the groups before injection, and paired t-test and Wilcoxon signed-rank test were used to determine whether differences existed within the groups, depending on the data distribution. The chi-square test was used to compare the differences according to sex, masticatory muscle pain, and clinically subjective symptoms between the groups. The level of statistical significance was set at p < 0.05. The SPSS statistical package (version 18.0, SPSS, Chicago, IL, USA) was used for all statistical analyses.
RESULTS
Among twenty four subjects, two subjects dropped out because they were unavailable for a follow-up PSG recording. Other two subjects did not exhibit a RMMA at the baseline PSG recording.
Thus, the data of twenty subjects (25.8 ± 5.1 years; range, 20.2 -38.7 years; ten from group A and ten from group B) were used for the analysis. The baseline characteristics of the subjects are listed in Table 1 . Body mass index was the only characteristic that differed significantly between the two groups.
Sleep Variables
Data for the sleep variables are given in Table 2 . Sleep variables did not change significantly between baseline and follow-up in the groups except for the percentage of rapid eye movement (REM) sleep in group A. No group difference was noted for sleep variables (all variables were p > 0.05).
Jaw motor activity variables
Data for the parameters of RMMA episodes are given in Table 3 . None of these parameters did not significantly decreased from baseline to follow-up recording.
Peak amplitude of EMG burst
Data for the change in peak amplitude of EMG burst are given in Table 4 . Before BoNT-A injection, the peak amplitude of EMG burst of the masseter and temporalis muscles during MVC and RMMA episodes did not differ significantly between the groups A and B (all variables were p > 0.05). significantly between groups A and B, whereas the other amplitude parameters did not.
Orofacial activity
There were no significant differences in the occurrence of OFAs between baseline and follow-up recordings ( Table 5) .
Subjective Symptoms
Data for the clinically subjective symptoms at a follow-up recording are given in Table 6 .
Four of the ten subjects in group A and five of the ten in group B self-reported a reduction of tooth grinding during sleep. These nine subjects with a self-reported decrease of tooth grinding had a significantly higher RMMA index (3.83 ± 1.50/hr) compared to other eleven subjects who selfreported a no change (2.38 ± 0.87/hr) (p=0.015). The reduction in the sensation of morning jaw stiffness after BoNT-A injection was 47.50 ± 15.86% in group A and 57.50 ± 30.30% in group B.
Fourteen subjects reported discomfort associated with a decrease in masticatory force after BoNT-A injection. The reduction in the sensation of masticatory force after injection was 30.00 ± 17.64% in group A and 40.50 ± 18.33% in group B. The above variables did not differ between groups A and B.
Among fourteen subjects who reported a decrease in masticatory force, only three subjects complained of masticatory difficulties.
DISCUSSION
This is the first study to test the effect of a single BoNT-A injection on SB using vPSG. The results showed that BoNT-A injection to the masseter and temporalis muscles did not change the occurrence of RMMA episodes and OFAs. However, in both groups, the amplitude of EMG burst during RMMA episodes was significantly decreased for the muscles that received BoNT-A injection.
Therefore, the findings of this present study confirm that the effect of BoNT-A on jaw motor activity during sleep is characterized by a reduction of the intensity of the contractions in the injected muscles rather than by the reduction of event occurrence.
Effects on jaw motor activity during sleep
In this study, BoNT-A injections did not decrease the RMMA episodes per hour (e.g., RMMA index). In addition, other variables for RMMA episodes, the number of bursts per hour of sleep, bursts per episode, episodes with sound, and the mean duration did not differ before and after
BoNT-A injection. These results can be expected considering the pathophysiology of SB and the pharmacological actions of BoNT-A. RMMA episodes in SB have been shown to be generated by the central commands in relation to transient arousals. 28, 29 On the other hand, BoNT-A prevents synaptic transmissions at the neuromuscular junctions, which results in a decrease of compound muscle action potentials. 27 Thus, the injections of BoNT-A on jaw-closing muscles failed to the prevent the genesis of RMMA episodes and OFAs during sleep. But, this study demonstrated the reducing effects of BoNT-A on the intensity of muscle contractions during sleep: the peak amplitude of EMG bursts during RMMAor episodes decreased in the muscles with BoNT-A injection, i.e., masseter in group A and the masseter and temporalis muscles in group B.
However, our results are inconsistent with those of a previous study in which the number of masticatory EMG bursts decreased by BoNT-injection. 19 The discrepancy is explained by the methodological difference between our study and the previous study; in the latter study, the occurrence of EMG bursts were assessed by ambulatory EMG recording system. 19 It is difficult for ambulatory EMG recordings system to detect RMMA EMG bursts with a amplitude lower than the pre-determined EMG threshold after injection. 20 Whereas, the use of vPSG in this study allowed us to avoid the underestimation of the jaw motor activity after injections. Nevertheless, the results of our study and the previous study suggest that BoNT-A injections decreases the number of intense jaw motor activiies during sleep.
No significant differences were found for RMMA episodes between groups A (only masseter muscle) and B (both masseter and temporalis muscles). The difference was found only at the peak amplitude of EMG burst of the temporalis muscles during RMMA episodes. Although it is not known which muscle (temporalis or masseter) is more engaged with the act of bruxism, no significant difference was found for the peak amplitude of EMG burst during RMMA episodes before injection between the masseter and temporalis muscles (p = 0.433). There is a clinical suggestion that bilateral BoNT injections to the temporalis muscles are the first line recommendation for the management of SB when single muscle injection is the clinical plan. 30 The importance of controlling the temporalis muscle activity for managing SB needs further investigation. However, when compared with single muscle injection, injections into the both two muscles would have more reducing effects on total occlusal loads during RMMA episodes since both the masseter and temporalis muscles contract synergistically to produce masticatory force.
BoNT-A injection
In this study, the injection sites were selected based on previous studies. [21] [22] [23] In the BoNT injection procedure, the most effective point of injection is the area where the appropriate nerve innervates the affected muscle. The bulky region of the masseter and temporalis muscles has been regarded as an effective injection point clinically since the richest arborized area of the perforating nerve branches. [21] [22] [23] Previous studies reporting the effect of BoNT-A on bruxism used dose ranging from 15 to 60 U (equivalent to those of Neuronox ® ). [11] [12] [13] [14] [15] [16] [17] [18] [19] Kim et al. showed that the effects of BoNT-A on the muscular thickness and EMG changes of the masseter muscle did not differ between 25 and 35 U injections. 31 Therefore, only 25 U of BoNT-A was chosen for the present study. In addition, the reducing effect on the masticatory force was maximal at 4 weeks after BoNT-A injection, [31] [32] [33] and the maximum bite force gradually recovered within 12 weeks. So, we evaluated the effect of BoNT-A on RMMAr episodes during sleep at the one point when the maximum effect was exerted.
Effects of BoNT injection on sleep
There were no significant differences in usual sleep variables such as the sleep efficiency, arousal index, sleep stages, and awakenings per hour between baseline and follow-up recordings.
Similarly to this, oral appliance treatment had no influence on the sleep variables in the previous study. 9 RMMA is associated with autonomic sympathetic-cardiac activity and sleep arousals characterized by increased EEG, muscle and heart activity without return to consciousness. 2, 8 As
BoNT injection cannot modulate the sleep arousals, the only EMG amplitude of injected muscle was decreased after BoNT injection in this study. However, it is not known whether a decreased intensity of muscle contraction modifies the accompanying cardiac and cortical activity related to arousals during sleep. To clarify this, we need to quantitatively analyze the change of cortical EEG and heart rates related to RMMA episodes before and after BoNT injection in the further study.
Subjective symptoms
Although BoNT-A reduced the intensity of muscle contractions during sleep, the same effects presented during waking oral functions as shown in the data for the peak amplitude of EMG burst during MVC. It is known that muscle weakness is a medication-related side effect. In this study, fourteen subjects reported discomfort associated with a decrease of the sensation in the masticatory force after injection, and among them, three subjects complained of masticatory difficulties. This side effect was well tolerated by subjects probably because of the compensation mechanisms by other jaw muscles (e.g., medial pterygoid muscle) in jaw movements. Masticatory muscle weakness can recover gradually from 4 to 12 weeks after BoNT injection in association with the changes of masticatory force. 32, 33 In association with a decrease in the peak amplitude of EMG burst of RMMA episodes, the BoNT-A injection improved the subjective symptoms for morning jaw stiffness and tooth grinding during sleep. Morning jaw stiffness is commonly reported by the subjects with frequent RMMA episodes. 34, 35 Morning symptoms are thought to be a form of post-exercise muscle soreness caused by intense jaw muscle contractions during sleep. 36 Thus the results might suggest that the subjects perceived less muscle fatigue in the morning in relation to the decreased motor activities during sleep.
The most frequently cited theory is that the masticatory muscle pain and dysfunction are caused by muscle hyperactivity. But, it is questionable because EMG studies of the masticatory muscles in patients with myofascial pain (MFP) do not always show an increase in resting muscle activity. So, there was an opinion that BoNT should not be used for the treatment of MFP involving the masticatory muscles. 37 However, there was a report that MFP symptoms in bruxers were reduced after BoNT-A injection. 18, 38 Although there are insufficient systematic evaluation of the effect of BoNT-A on masticatory muscle pain, and the subjective symptoms are probably over evaluated, it is helpful to relieve the subjective symptoms of morning jaw stiffness in our subjects who still reported morning jaw stiffness after the oral splint treatment. Further controlled studies with placebo injections are needed to investigate whether BoNT-A injection reduces the risk of muscle pain symptoms by decreasing masseter and temporalis muscle forces during sleep with systematic evaluations of pain.
Study limitations
There were several limitations to our study. First, most of the subjects in our study had a low frequency of RMMAr episodes (e.g., mild level according to the previous publication 34 ) although subjects who failed usual oral splint treatment for SB were selected on the clinical signs and symptoms of SB. Among twenty subjects, fifteen subjects complained of pain and fatigue of masticatory muscles and all patients reported morning jaw stiffness. SB patients with low frequency of RMMA episodes were more at risk of reporting pain in the masticatory muscles. 34, 39 Thus, the treatment responses to BoNT-A injections may be influenced by the severity of SB and concomitant pain conditions. Second, a lack of control group (i.e., placebo injection) and systematic assessment of masticatory muscle pain at a follow-up period would obscure the effects of BoNT-A on subjective symptoms in association with PSG data. Third, the sample size in the present study was small due to the high cost and difficulties of patient recruitment. Fourth, PSG evaluation was done for one night at baseline. There might be first-night effects on the occurrence of RMMA and night-to-night variability of RMMA is also known 2, 40 However, the influences of such factors seem to be minimal since no major difference was found for sleep variables between the two recordings. Assessment of long-term effects also should be considered. The effects of single BoNT-A injection to the masticatory force lasted from 2 weeks to up to 24 weeks 33 , and the effects started to decline after 4 weeks after injection. The previous study reported that the effects of a single BoNT-A injection on jaw muscle EMG activity persisted up to 12 weeks. 2 It would therefore be better for future studies to include both 2-week and longer-term follow-ups (e.g., 8, 12, and 16 weeks). At last, in this study, the BoNT-A injection did not cause a significant side effect for at least a month. However, safety of the injections needs to be assessed on long term. Future studies should address the limitations of the present study.
In summary, this study is significant in being the first to evaluate the short-term effect of
BoNT-A on SB using vPSG. We confirmed that BoNT-A did not change the occurrence but reduced the intensity of contractions for the masseter and temporalis muscles during sleep. Future studies are needed before BoNT-A will be safe and effective management option for controlling jaw motor activities during sleep in patients with SB and protecting the orofacial structures from the excessive forces. BoNT-A was injected into three sites of masseter and/or temporalis muscles A. In the masseter muscle, the three injection sites formed a triangle 10 mm apart with a reference of the inferior, prominent part of the masseter muscle when the subject clenched teeth. B. In the temporalis muscle, the three injection sites were arranged posteriorly, in parallel to eyebrow, from the site at the prominent part of the anterior temporalis muscle during teeth clenching. Tables   Table 1 Other data are mean ± SD values (paired t-test).
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